ABSTRACT: Data on megafaunal species numbers and areas of faunal zones in the deep sea do not fit predictions of the species number-area relationship. This apparently anomalous situation can b e resolved if food availability is taken into account. As theory would predict, the slope of the relationship for benthic megafauna (0.36) is steeper than that for mesopelagic fishes (0.13).
Theoretical background. The species-area relationship argues that species number should be a simple and direct function of the extent of the geographical area occupied by a fauna. This relationship has been found to hold in numerous situations, and over wide ranges of taxa and scales of species numbers and areas (Connor & McCoy 1979 ). Cast into model form by a consideration of extinction and colonisation rates on islands (MacArthur & Wilson 1967) , the species-area relationship is usually expressed by the power function log S = z log A + k where S = number of species; A = area; k and z = fitted constants. In addressing the criticism that underlying assumptions of the theory had not been rigorously demonstrated, Wilcox (1978) showed that the time span of isolation could also enter the equation, but that area continued to play a major role.
A number of hypotheses have been advanced to explain the underlying basis of the species-area relationship. These include the original extinction/colonisation equilibrium theory (MacArthur & Wilson 1963) , an artifactual 'passive sampling' hypothesis whereby greater area simply collects more species over time (Connor & McCoy 1979) , and the idea that habitat diversity is the important factor and that this is positively correlated with area. Eadie et al. (1985) provide data that support the latter view, but the question remains unresolved.
O Inter-Research/Printed in F. R. Germany Nonetheless, empirical evidence strongly supports the existence of a species number-area relationship. Since it appears well-established, the relationship has found its way into theoretical arguments. Contractions in area available to shallow-water marine faunas have been called upon to explain dramatic extinctions in past eras (Simberloff 1974 , Flessa & Sepkoski 1978 , and it has been argued that the species-area relationship provides a simple explanation of the latitudinal gradient in species number (Osman & Whitlatch 1978 , Schopf et al. 1977 .
The species-area relationship has been suggested to apply in the deep sea (Abele & Walters 1979) , but this has not been tested. Rex (1981) attempted to look for such a relationship, but could not find one. In his brief analysis, however, he used areas arbitrarily defined according to topography, and not ones that were recognised as faunally discrete. In fact, data to examine the question of the species-area relationship in the deep sea have not been available.
Observations and discussion. Using information from a fully analyzed data set on megafauna from the continental slope and rise in the New York Bight (Haedrich et al. 1980 ) the species number-area relationship is plotted in Fig. 1 . S is the total number of megafaunal species found in each of 8 discrete faunal zones (the shallowest is the continental shelf where S is estimated to be about 210 : Haedrich 1983) and A is vertical extent of zone divided by sine of slope (depth gradient) within each zone (Table 1) . Unit width is assumed, and A is an index of actual area occupied.
There is no direct positive relationship. If only the deep ocean values are considered, the relationship is negative (Fig. 1) . By the species number-area model, the deep ocean is a region of anomalously low diversity, with many fewer species than considerations of area would predict.
Can this result be reconciled with the many in- Table 1 stances reported which support the reality of the species number-area relationship? Let us take one of the oldest and simplest arguments relating to the underlying determinants of diversity: that greater food availability or production will promote greater numbers of species within an area (Connell & Orias 1964) . This concept has been criticised by Pianka (1966) , among others, and is not held in high regard today. Nonetheless, the idea has recently been shown to hold in African rivers where discharge, and presumably the productivity of the drainage basin, is correlated with fish species number (Livingstone et al. 1982) . It is likewise implicit in the correlations of catchment area with number of freshwater mussel species in southeastern U.S. rivers (Sepkoski & Rex 1974) . But even admitting this relationship, there is a very important distinction between essentially terrestrial situations and the deep sea. On land, where solar energy reaching the surface is reasonably uniform, production itself can be thought of as a function of area and should be roughly comparable over fairly broad regions. In the deep sea this is not so. Food input or availability declines exponentially as distance (depth) increases away from the productive surface layers (Carney et al. 1983 ), a fact which must be taken into account. As a first approximation, assume that food availability in the deep sea tracks the biomass-depth relationship. For infauna collected in box cores from the New York Bight this is log B = 1.44 -0.29 Z (Rowe & Haedrich 1979 ). For Z (depth, km) use the mid-point of each megafaunal zone to calculate approximate infaunal biomass B in the zone. Because the dependence of the megafauna on infauna for food is not wellestablished, B must be considered an index. Multiply this index value by the area to give a new factor, AB, which reflects food availability (Table 1 ). This number plotted against species number gives the species number-food/area relationship of Fig. 2 , a positive one in keeping with expectations. The lower continental slope falls above the line; this is in accord with the general observation that species maxima occur at intermediate depths (Rex 1983) and suggests that the region should be considered an ecotone. Rex (1973) noted the low species diversity of macro-and megafauna at abyssal depths, and thought this might result in part from extremely low productivity. But even with the incorporation of a food factor, the relationship suggests that the abyssal plain contains far fewer species than it ought; it is species-poor.
How does the species-food/area model fit data for pelagic regions? When the number of myctophid (lanternfish) species in each of 19 faunal regions determined for the Atlantic Ocean (Backus et al. 1978 ) is plotted against the area of the faunal region (determined by planimetry) a positive relationship is obtained, but the correlation is poor (r = 0.35). No depth differences can apply here, for all the species live at comparable depths in the upper several hundred meters of the water column. But oceanic productivity varies over 3 orders of magnitude. If primary production estimates (Koblentz-Mishke et al. 1970) for Table 1 each region are used to modify the estimate of area, an improved relationship results (Fig. 3) . Three regions fall well below the line. These are eastern and western Mediterranean and the subarctic; all are isolated basins that have in all likelihood only recently been invaded and populated by midwater fishes. Were it possible to incorporate time into the relation, as Wilcox (1978) was able to do for lizard faunas on islands of known age, these points could be expected to fall into line. ecological significance of this value has been a matter of recurrent interest, despite the warning of Connor & McCoy (1979) that the range could be merely an artifact of the regression. Nonetheless, there exists the expected decline in z with increasing taxonomic rank for orders vs families vs genera of mammals as a function of area on a worldwide basis (Flessa 1975), and Bronmark et al. (1984) could rationalize the difference between the low value of z (0.19) for macroinvertebrates in Bornholm streams as compared to the high value (0.32) for mussels in U.S. rivers (Sepkoski & Rex 1974 ) in terms of relatively greater dispersal and immigration rates. Barbour & Brown (1974) had argued that when z = c 0 . 1 6 , considerable homogeneity exists, little colonisation is taking place, and much time has elapsed. When z = .> 0.40, then colonisation is a major factor and the flow of species from adjacent areas exceeds the extinction rate. The interpretations of Barbour & Brown (1974) would seem to fit the oceanic data. The slope of the relationship for benthic megafauna is much steeper than that for mesopelagic fishes. Mesopelagic faunas (z = 0.13) are old and phylogenetically distinct, and are uniform over most of the world ocean. Invasion by derived (i.e. perciform) fishes has not taken place to any extent. Continental slope faunas (z = 0.36) show considerable differences over rather small depth increases, and are different from place to place (Haedrich & Maunder 1985) . There is evidence that continued invasion of the deep sea by shallow-living species goes on (Haedrich & Krefft 1976) , and, furthermore, that species recruitment from onshore to offshore has been a major avenue of community development on the slope over evolutionary time (Jablonski et al. 1983) .
Clearly more work needs to be done on deep ocean food supplies, particularly as regards the influence of rates on community structure. Results reported here based on the species-area relationship are not conclusive, and it is not intended that they be regarded as an unequivocal test. They raise the question of whether the areas that fall off the regression -the lower continental slope, abyss, and isolated basins of the pelagial -might have special characteristics that should be examined. And they do provide additional support for the view that energy is the prime ecological factor in the deep sea (Thiel 1980, p. 30) .
